Left ventricular end-systolic pressure-wall thickness and pressure-segment length relations have been used to assess regional myocardial contractility. The purpose of these studies was to determine whether the method of afterload alteration, coronary perfusion pressure, and the definition of end systole affected regional end-systolic relations. In paced open-chest pig hearts (n = 10), left ventricular pressure, wall thickness, and segment length were measured during vena caval occlusions. First, regional end-systolic relations were obtained before and after an increase in afterload with intravenous phenylephrine. This comparison was performed with the coronary circulation intact (closed loop) and with coronary perfusion pressure controlled extracorporeally (open loop). Second, with the open-loop preparation, the independent effect of a range of coronary perfusion pressures (45-155 mm Hg) on end-systolic relations was assessed. In both procedures, end systole was defined by the maximal isochronal slope, termed regional Emax, and by the maximal ratio of left ventricular pressure to regional dimension, termed Es.
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Left ventricular end-systolic pressure-wall thickness and pressure-segment length relations have been used to assess regional myocardial contractility. The purpose of these studies was to determine whether the method of afterload alteration, coronary perfusion pressure, and the definition of end systole affected regional end-systolic relations. In paced open-chest pig hearts (n = 10), left ventricular pressure, wall thickness, and segment length were measured during vena caval occlusions. First, regional end-systolic relations were obtained before and after an increase in afterload with intravenous phenylephrine. This comparison was performed with the coronary circulation intact (closed loop) and with coronary perfusion pressure controlled extracorporeally (open loop). Second, with the open-loop preparation, the independent effect of a range of coronary perfusion pressures (45-155 mm Hg) on end-systolic relations was assessed.
In both procedures, end systole was defined by the maximal isochronal slope, termed regional Emax, and by the maximal ratio of left ventricular pressure to regional dimension, termed Es.
In the first procedure, the slope and x-axis intercept of regional Emax were unchanged with phenylephrine. In contrast, the slope of E,, decreased with phenylephrine, consistent with a decrease in contractility. The extrapolated x-axis intercept of Eel shifted in a direction consistent with an increase in contractility. In the second procedure, increases in coronary perfusion pressure did not affect regional Emax but increased the slope of Ees. A decrease in the coronary perfusion pressure, particularly with ischemia, shifted the x-axis intercepts of both E.., and Ees in a direction consistent with a decrease in contractility. Thus, regional end-systolic relations in intact hearts are dependent on the method of afterload alteration and the coronary perfusion pressure. Furthermore, Emax differs from Es, so the assessment of regional relations depends on how end systole is defined. (Circulation 1988; 78:1299 -1309 L eft ventricular end-systolic pressure-wall thickness and pressure-segment length relations have been successfully used as regional measures of myocardial contractility. [1] [2] [3] [4] Yet the effects of afterload alteration and the coronary perfusion pressure on these regional relations are unknown. In isolated hearts, left ventricular end-systolic pressure-volume relations have been shown to be independent of loading conditions5-7 and the coronary arterial perfusion pressure (at pressures of more than 67+22 mm Hg).8 In intact animals, however, left ventricular end-systolic pressure-volume relations obtained from pharmacological afterload alteration were different from those obtained by vena caval occlusion. 9 Furthermore, all techniques used to obtain end-systolic relations in hearts with intact circulations result in corresponding changes in the coronary arterial perfusion pressure. Because changes in coronary arterial perfusion pressure and coronary flow are known to alter myocardial wall thickness,10.11 they may also affect regional end-systolic relations.
Also of importance in the determination of regional end-systolic relations may be how end systole is defined. In isolated hearts, Suga and Sagawa12 originally defined end systole as the time of maximal instantaneous isochronal elastance, Emax. In ejecting hearts, the left upper corner of variably loaded pressure-volume loops has been used to define end systole and has been termed E,5. Because Ees is close to Emax in isolated hearts, Ees has been substituted for Emax in intact hearts.6 7 In a study of regional end-systolic relations in hearts with intact circulations, we defined end systole by the time of maximal instantaneous isochronal slope and termed it regional Emax.' The slope of regional Emax increased with intravenous dobutamine and decreased (though not significantly) with intravenous propranolol. Aversano et a12 found similar slope changes in regional relations with both global and regional inotropic interventions. They, however, used the upper corner of the pressure-regional dimension loops at end shortening and end thickening to define end systole and termed it Ees. Pressure-regional dimension data in intact hearts'3 and pressure-volume data in isolated hearts'4 and humansl" show that E.. may be significantly different from Emax'
The purpose of the present study was to determine the effect of pharmacological afterload alteration, the coronary perfusion pressure, and the definition of end systole on regional end-systolic relations in intact hearts. Two hypotheses were tested, with end systole being defined both by maximal isochronal slope, Emax' and by the appropriate upper corner of the pressure-regional dimension loops as determined from the maximal pressure-thickness:length ratio, Be,.2 The first hypothesis is that regional end-systolic relations are dependent on how afterload is varied. Regional endsystolic relations were obtained during vena caval occlusions before and after a change in afterload with the clinically used vasoconstrictor, phenylephrine. This comparison was performed both with an intact native coronary circulation where the perfusion pressure varies with aortic pressure (closed loop) and with the coronary perfusion pressure controlled extracorporeally and independent of the aortic pressure (open loop). The second hypothesis is that regional end-systolic relations are dependent on the coronary perfusion pressure. With the open-loop preparation, the independent eiTects of a wide range of coronary perfusion pressures (45-155 mm Hg) were determined.
Materials and Methods Experimental Preparation
Ten adolescent pigs of either sex, weighing 38-64 kg (average, 51.1 ± 2.7 kg) were studied after anesthesia with pentobarbital (35 mg/kg i.v.) and the establishment of controlled positive pressure ventilation with supplemental oxygen. Additional pentobarbital was given as needed to ensure adequate anesthesia throughout the study. Frequent determinations of the animal's arterial pH, Po2, and Pco2 were obtained during each study to ensure adequacy of ventilation and acid-base balance. The general aspects of this open-chest, intact, pig heart preparation have been previously described.1 Heart rate was held constant by right atrial pacing. A high-fidelity micromanometer-tipped catheter (Millar Instruments, Houston, Texas) was advanced retrogradely from the right internal carotid artery into the left ventricle to measure left ventricular pressures. A venous cannula was inserted into the great cardiac vein to sample for blood gases and hemoglobin. A snare was placed around the inferior vena cava to perform inferior vena caval occlusions.
Separate pairs of ultrasonic crystals were used to measure a midmyocardial circumferential segment length and myocardial wall thickness within the perfusion bed of the left anterior descending coronary artery. The segment-length crystals were implanted in the midmyocardium in a circumferential direction midway between apex and base. This placement was chosen because the majority of muscle fibers in the midmyocardium are oriented in the circumferential direction. 16 Wall thickness of the myocardium was measured at the same location as the segment length with the technique described by Sasayama et al. ' 8 Placement of the ultrasonic crystals was confirmed in every instance by direct visualization at the completion of each experiment.
In the open-loop experiments, two extracorporeal perfusion circuits were constructed connecting the cannulated left femoral artery to the left main and right coronary arteries. The left main coronary artery was perfused via a Gregg cannula inserted retrogradely through the left subclavian artery. The right coronary artery was perfused by a cannula positioned near its origin. Individual flows to these arteries were controlled by separate calibrated lowflow Sarns perfusion pumps. Control flows were set in each of the circulations by adjusting the respective mean perfusion pressures to the average aortic pressure corrected for perfusion line resistances. The coronary perfusion pressure was varied as required in the protocols by changing coronary flow with the perfusion pump.
Experimental Protocols
In the first procedure (part l), the effect of afterload alteration with phenylephrine was assessed both with the coronary circulation intact (closed loop) and with controlled coronary perfusion (open loop). Left ventricular pressure-segment length and pressure-wall thickness relations were obtained in all instances from 5-second inferior vena caval occlusions to avoid reflex changes in contractility.2 In the closed-loop comparison, control data were obtained during vena caval occlusion, and then phenylephrine was infused at a constant rate (range, 1.0-7.9 ,ug/kg/min; mean, 3.2 +-0.8 ,ug/kg/min) until steady state peak aortic pressure increased approximately 50 mm Hg above control. At this higher level of afterload, data were again obtained during vena caval occlusion. The phenylephrine was discontinued, and the animal's hemodynamics allowed to return to control. Extracorporeal coronary perfusion was then established to create the open-loop preparation as described above. Left coronary blood flow was set to obtain a left coronary perfusion pressure of 150 mm Hg. This level of perfusion was chosen to avoid any potential confounding influences of ischemia. Left ventricular pressure-segment length and pressure-wall thickness relations were again obtained during vena caval occlusions before and with increased afterload from phenylephrine. The phenylephrine was discontinued, and the animal was again allowed to return to control.
In the second procedure (part 2), the independent effect of the coronary perfusion pressure on endsystolic relations was assessed. Left ventricular pressure-segment length and pressure-wall thickness relations were obtained from vena caval occlusions during four paired trials of coronary perfusion pressures. The left coronary artery pressures selected for the trials were 155, 125, 65, and 45 mm Hg. Separate controls (coronary perfusion pressures of 95-100 mm Hg) were obtained before each intervention. After a change in coronary perfusion pressure, data were obtained when steady state was achieved (approximately 2-5 minutes). Coronary perfusion pressure was then returned to and maintained at control for 10 minutes before performing the next comparison. Data at the lowest perfusion pressure (45 mm Hg) was obtained last to avoid persistent changes in mechanical function that might result from "stunning" at this low perfusion pressure.
The left ventricular pressure, aortic pressure, left coronary artery pressure, right coronary artery pressure, electrocardiogram, segment length, and myocardial wall thickness were continuously displayed and recorded on an eight-channel recorder (Gould-Brush 200, Gould, Cleveland, Ohio). The electrocardiogram, left ventricular pressure, segment length, and wall thickness data were digitized at 500 samples/sec by a PDP 11/23 computer (Digital Equipment, Marlborough, Massachusetts) during two or three cardiac cycles just before and 12-15 cardiac cycles during inferior vena caval occlusion and stored on floppy disks for later analysis. All data were acquired during held expiration. Samples of arterial and great coronary venous blood for the determination of oxygen saturation were obtained before vena caval occlusion at each level of coronary perfusion pressure. Data Analysis Left ventricular pressure-segment length and pressure-wall thickness relations were constructed for a cardiac cycle before and for each sequential cardiac cycle during vena caval occlusion with the R wave of the electrocardiogram as a marker for end diastole of each beat. The same number of beats (range, [11] [12] [13] was used for each comparison. To determine the importance of the definition of end systole on the results, end systole was defined both by maximal isochronal slope, termed Emax, and by the maximal ratio of left ventricular pressure to dimension (segment length and wall thickness), termed Ees. To determine regional Emdx, linear regression analysis was performed at 10-msec intervals throughout systole on the pressure-segment length and pressure-wall thickness data obtained from each of the sequential cardiac cycles during vena caval occlusion. The slope of the isochronal pressuresegment length and pressure-wall thickness relations increased to a maximum, Emax, and then declined. The slope value, time, and x-axis intercept of Emax for both segment length and wall thickness data were determined by the computer.
From the same data, end systole as defined by Ee, was determined with the method of Aversano et a12:
where Ees equals the slope of the end-systolic pressure-length relation, Pes equals left ventricular pressure at end systole, Les equals segment length at end systole, and Lo equals length-axis intercept. For each cardiac cycle, the left ventricular pressuresegment length point that maximized the value of Ees was taken as the end-systolic pressure-length point. End-systolic pressure-length points from each beat were then analyzed by linear regression to calculate the parameters Ees and Lo. The new calculated value of Lo was then used in a second iteration of the data. Iterations were repeated until both Ees and Lo were constant. The time in the cardiac cycle of the end-systolic pressure-length data points selected by iteration for each cardiac cycle were determined. A similar procedure was used to determine Ees and To (thickness-axis intercept) except that the initial To was assumed to be 2 mm more than the maximal left ventricular wall thickness recorded. 2 To assess myocardial metabolism, oxygen consumption of the myocardium perfused by the left coronary artery was measured in the open-loop preparation. Left coronary arterial and venous oxygen saturations and hemoglobin were measured with a hemoximeter. Left coronary blood flow was determined from the calibrated roller pump, and myocardial oxygen consumption was calculated with the Fick principle. Flow was normalized to the wet weight of myocardium as determined by the postmortem distribution of colored dye injected into the left coronary perfusion cannula.19 Paired two-tailed Student's t tests were used to test for statistical significance. Significance was defined as p<0.05. Distribution of the data where listed appears as SEM.
Results

Part 1
The effect on regional end-systolic relations of increased afterload from the vasoconstrictor phenylephrine was assessed in the first part of the study. The global hemodynamic and metabolic responses to phenylephrine, before vena caval occlusion, are shown in Table 1 . In the closed-loop preparation, the coronary perfusion pressure varied with the aortic pressure, which increased from a mean of 91 + 4 to 136 + 3 mm Hg (p<.001) with phenylephrine. Heart rate was held constant between compar- The effects of phenylephrine on regional endsystolic pressure-wall thickness relations in one experimental animal are shown in Figures 1 and 2 . These data were obtained in the open-loop preparation where the coronary perfusion pressure was constant. Figure 1 shows end systole as defined by the maximal isochronal slope, Emax. The slopes are similar at control (left panel) and with phenylephrine (right panel). Emax, however, occurs after end thickening. This is particularly evident at the higher level of afterload (right panel). Figure 2 shows the same data as in Figure 1 Table 2 .
The effects of phenylephrine on end-systolic pressure-segment length relations are similar to those on wall thickness. An example of the effect of phenylephrine on end-systolic pressure-segment length relations as defined by Emax is shown in Figure 3 and on the same data as defined by Ee, is shown in Figure 4 . These data are from a different animal than is shown in Figures 1 and 2 . Emax occurs In Figure 4 , phenylephrine results in a decrease in the slope of Ees, which is consistent with a decrease in contractility, while there was a decrease in the segment length-axis intercept, which suggests an increase in contractility. The effects on the pressuresegment length relations from all of the animals are shown in Table 3 . The range of mean r values for both wall thickness and segment length isochronal Emax data was from 0.818±0.078 to 0.953±0.011
and for the e.S data was from 0.910 ± 0.042 to 0.988 0.005. This suggests that the Ee, data is more linear than the Emax data.
In the closed-loop preparation, there was no significant difference in the end-systolic thickness or segment length relations as defined by regional Emax. In the end-systolic thickness relations defined by Ees, the slope decreased 60%, although this was not statistically significant (p<0.10). To. the wall thickness-axis intercept of the slope line, increased 30% (p<0.01). The change in To is consistent with FIGURE 2. Same data as shown in Figure  1 but with end systole being defined by the maximal ratio of ventricular pressure to wall thickness, Ees, which corresponds to end thickening. End-systolic data points are shown by the solid dots. The solid line (both panels) shows Ee& at control and the dashed line (right panel) shows the relation with phenylephrine. Ees at control was -79 mm Hg/mm and To was 11.5 mm (r=-0.982). The time of Ees for the beat with the highest left ventricular pressure was 204 msec, and the time of Ees for the beat with the lowest left ventricular pres-72 sure was 178 msec. With phenylephrine, Ees decreased to -33 mm Hglmm and To increased to 14.1 mm (r= -0.989). The time ofEesfor the beat with the highest left ventricular pressure was 226 msec andfor the beat with the lowest left ventricular pressure was 190 msec. an increase in regional contractility but is discordant with the shift in the slope of Bes. Similar but insignificant trends occurred in the end-shortening data with a 54% decrease in slope (p<0. 10) and a 25% decrease in Lo.
In the open-loop preparation, neither the slope of Emax (thickness and length) nor To changed significantly with phenylephrine. The Lo intercept, however, increased 9% (p<0.025). The time of Emax occurred significantly later in both the thickness and length relations after phenylephrine. These open-loop Emax data are consistent with a dependence of the time of regional Emax on afterload or a decrease in contractility from phenylephrine. At end thickening, Be, decreased 52% (p<0.005), which is consistent with decreased contractility, yet To increased 16% (p<0.05), which is consistent with increased contractility. The analysis at end shortening showed a 74% decrease (p<O. 10) in the slope of Ees (two of the animals had an increase while the rest had a decrease in slope) and a 27% decrease in Lo (p<0.025). These changes in segment length are also discordant with respect to contractility. In summary, increased afterload with phenylephrine results in a change in regional end-systolic relations as defined both by Emax and Bes. These changes are independent of the coronary perfusion pressure. The Emax data suggest that Emax is afterloaddependent and/or phenylephrine depresses contractility. The E, data are more difficult to interpret.
They are consistent with an afterload dependence of Bes, but the slope and intercept changes are discordant with respect to contractility. Thus, both afterload alteration with phenylephrine and the definition of end systole affect regional end-systolic relations in intact hearts.
Part 2
In the second part of the study, the effect of the coronary perfusion pressure on regional endsystolic relations was assessed during four paired trials of coronary perfusion pressure. The hemodynamic and metabolic responses to the various levels of coronary perfusion pressure are shown in Table  4 . An increase in coronary perfusion pressure did not change peak left ventricular pressure, but there was a small decrease in the left ventricular enddiastolic pressure at the highest level of coronary perfusion (155 + 2 mm Hg). The increased coronary perfusion pressure increased coronary venous oxygen saturation but did not change myocardial oxygen consumption. With a decrease in coronary perfusion pressure, peak left ventricular pressure decreased and left ventricular end-diastolic pressure increased. These changes were most marked at the lowest level of coronary perfusion pressure (44 ± 2 mm Hg). The venous oxygen saturation and myocardial oxygen consumption decreased correspondingly with the coronary perfusion pressure. An example of the effect of an increase in coronary perfusion pressure on the end-systolic pressurethickness relation as defined by Be, is shown in Figure 5 and the effect of a decrease in perfusion pressure is shown in Figure 6 . An example of a decrease in perfusion pressure on end-systolic pressure-segment length relations in a different animal is shown in Figure 7 . The data from all of the animals are shown in Tables 5 and 6. The range of mean r values for the Emax data was from When end systole was defined by Emax, the shifts in To and Lo occurred only at the lowest level of coronary perfusion pressure (44 + 2 mm Hg). Thus, regional end-systolic relations are dependent on the coronary perfusion pressure, and this dependence is most evident when end systole is defined by Ees. Discussion The results of these studies show that the method of afterload alteration used to generate regional end-systolic relations influences the results that are obtained. More specifically, regional end-systolic relations obtained by inferior vena caval occlusion differ from those obtained at an increased afterload from the clinically used vasoconstrictor phenyleph-rine. The effects of afterload alteration on regional end-systolic relations also depend on how end systole is defined. Both of these findings are independent of the coronary perfusion pressure. The results from the second part of the study show that regional end-systolic relations are dependent on the coronary perfusion pressure. This dependence is most evident when end systole is defined by Ees. An increase in the coronary perfusion pressure results in an increase in the slope of Bes and suggests an increase in contractility. A decrease in the coronary perfusion pressure shifts the x-axis intercept of the Ees relation in a direction consistent with a decrease in contractility.
In isolated hearts, the end-systolic pressurevolume relationship has been shown to be linear and to provide an index of contractility that is independent of loading conditions.5-7 In these isolated hearts, end systole as defined by the left upper corner of pressure-volume loops obtained under various loading conditions (Ee5) was shown to be very close to the maximal instantaneous isochronal elastance (Emax) as originally defined by Suga and Sagawa.12 In ejecting hearts, however, end systole may not necessarily relate to end ejection,5-7 and end systole as defined by end thickening and end shortening may be significantly different from that defined by Emax.'3 Previous studies of regional end- (which corresponds to end shortening and end thickening),2 and by end ejection.34 Despite different definitions of end systole, all groups of investigators have shown an increase in the slope of regional relations with increased contractility and a decrease in the slope with decreased contractility (though the decreases were not as consistent). Aversano et a12 and Kaseda et a14 have also shown shifts in the x-axis intercepts of regional relations with changes in regional myocardial contractility. The present study was not designed to assess how the definition of end systole affects the quantitation of myocardial contractility but rather to determine if the definition of end systole was important when end-systolic relations were obtained under different loading conditions. This study shows that regional Emax, which is an isochronal relation, occurs later in the cardiac cycle than Bes. This appears to be the result of the dependence of the time of Ees (end thickening:end shortening) on left ventricular afterload in ejecting hearts. This is consistent with pressure-regional dimension data from intact heartsl3 and pressure-volume data from isolated hearts'4 and humans,]5 which show that Ees may be significantly WALL THICKNES different from Emax. The shifts in regional Ee, slope and intercept data that occur with an increase in afterload from phenylephrine are discordant and could be interpreted as being contradictory in their assessment of contractility. Thus, the most appropriate definition of end systole in the assessment of regional contractility in intact hearts requires further investigation.
In isolated hearts, the end-systolic pressurevolume reaction is independent of preload and incorporates afterload, thereby defining the contractile state.5-7 In intact hearts, however, it is difficult to change afterload to obtain multiple end-systolic pressure-volume dimension data points without provoking reflex changes in contractility. Aversano et a12 have shown that regional end-systolic relations can be obtained during inferior vena caval occlusions of less than 7 seconds without detectable baroreceptor-mediated reflex changes in contractility. For this reason, we limited our data acquisition to 5 seconds of vena caval occlusion. Freeman et a19 have shown that even with autonomic blockade, however, end-systolic pressure-volume relations obtained in conscious dogs with vasoactive drugs result in different end-systolic pressure-volume relations than those obtained with vena caval occlu- sion. In fact, the vasoconstrictor methoxamine resulted in a decrease in the slope of the endsystolic pressure-volume relation and a shift in the volume-axis intercept to the left. The effects of phenylephrine on regional end-systolic relations (EBs)
in the present study are identical to the global changes in end-systolic relations Freeman et a19 found with methoxamine. Thus, end-systolic relations are dependent on the method of load alteration in intact hearts. It is possible that phenylephrine could have direct or reflex effects on myocardial contractility. Tajimi et a120 reported a leftward shift but no slope change in the end-systolic pressure-volume relation with phenylephrine infusion in conscious dogs. They interpreted this as being secondary to a positive inotropic effect from reflex f8-adrenergic stimulation. This is not consistent with the present study because the time of occurrence of Emax and the decrease in the slope of Ees are consistent with a decrease in contractility from phenylephrine. The shift in the x-axis intercepts of the E,. relations, however, suggests an increase in contractility. The interpretation of these shifts in the Ees slope and FIGURE 7. Efflect of a decrease in the coronary perfusion pressure on the endsystolic pressure-segment length relation, as defined by Eel, in the same animal as shown in Figures 3 and 4 intercept data with phenylephrine must be interpreted with caution, however, because there is no overlap in the range of data points. This makes it difficult to determine whether there is actually a shift in the relations with phenylephrine or if the relations are nonlinear with a decreasing slope at higher pressures. This may invalidate any interpretation of these data in terms of contractility, and the exact mechanism of phenylephrine's effect on endsystolic relations remains uncertain. It has been clearly shown that end-systolic pressure-volume relations determined from isovolumic contractions in isolated hearts appear to be independent of the coronary perfusion pressure as long as the pressure remains above a critical value (67 + 21 mm Hg). Below this pressure, the slope of the relations decrease, and the volume-axis intercept remains unchanged.8 The upper range of coronary perfusion pressures in their study, however, was limited to 100-120 mm Hg. The effect of coronary perfusion pressure on regional endsystolic relations has not previously been studied. We have previously shown that increases in coronary perfusion pressure from 100 to 155 mm Hg and CPP. coronary perfusion pressure; Emax, maximal isochronal slope value; LQ, segment length-axis intercept; t-Emax time of Emax; Ee_, slope of the end-systolic relation at end shortening; t-E, (H), time of Ee, point for the beat with the highest left ventricular pressure: t-E,(L), time of E, point for the beat with the lowest left ventricular pressure. *p<O.OOl. tp<0.025, tp<0.01, §p<0.005. from 100 to 185 mm Hg resulted in 5-9% increases in end-diastolic and 3-5% increases in end-systolic wall thicknesses, respectively.'0 Gaasch and Bernard" have shown that fourfold to fivefold increases in coronary blood flow secondary to vasodilation result in significant increases in enddiastolic wall thickness as measured by echocardiography. With myocardial ischemia produced by a variable coronary stenosis, Osakada et a12' showed a shift to the left of the end-systolic pressurethickness relation. Stahl et al,22 in a study of function of stunned myocardium, used end-systolic pressure-length relations obtained during an increase in afterload from transient aortic occlusions. Using the end-systolic length at a left ventricular pressure of 100 mm Hg as the length-axis intercept, they found that these relations shifted to the right with postischemic "stunning" from repetitive 5-minute coronary occlusions. Neither of these studies specifically addressed the effect of the coronary perfusion pressure on regional end-systolic relations, but their findings are consistent with the shifts in the x-axis intercepts found with decreasing coronary perfusion pressure in the present study. Though many investigators have successfully applied regional end-systolic relations to assess myocardial contractility, -4 many issues remain to be addressed. The results of the present study show that the quantitation of regional myocardial function with end-systolic relations is dependent on the method of load alteration, the coronary perfusion pressure, and the definition of end systole. The implications of these data are that regional endsystolic relations may only be comparable when they are obtained by the same method of afterload alteration over the same range of aortic and, thereby, coronary perfusion pressures. Because changes in afterload result in maximal isochronal regional endsystolic relations occurring after the upper corner of the pressure-regional dimension loops, the definition of end systole may be important in the assessment of regional contractility.
